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Abstract. A novel theoretical method is developed to study the polycyclic aromatic 
hydrocarbon – diffuse interstellar band (PAH-DIB) hypothesis. In this method, a computer 
program is used to enumerate all PAH molecules with up to a specific number of fused 
benzene rings. Fast quantum chemical calculations are then employed to calculate the 
electronic transition energies, oscillator strengths, and rotational constants of these 
molecules. An electronic database of all PAHs with up to any specific number of benzene 
rings can be constructed this way. Comparison of the electronic transition energies, 
oscillator strengths, and rotational band contours of all PAHs in the database with 
astronomical spectra allows one to identify possible individual PAH carriers of some of the 
intense narrow DIBs. Using the current database containing up to 10 benzene rings we 
have selected 8 closed-shell PAHs as possible carriers of the intense λ6614 DIB. 
 
1. Introduction 
The diffuse interstellar bands (DIBs) are absorption features in the near ultraviolet (UV) 
to near infrared (IR) spectral range seen in the spectra of stars obscured by diffuse 
interstellar clouds. Since their discovery in 1922,1 the identification of the carriers of these 
bands has been a long-standing challenge for scientists of the 20th century. In the past two 
decades, the hypothesis that free gas-phase PAHs may carry some of the DIBs has become 
a consensus – which is known as the PAH-DIB hypothesis.2−7 Pieces of evidence that 
support this hypothesis include the rich interstellar elemental abundances of carbon and 
hydrogen, the high photo stability of PAHs, the identification of PAHs in meteorites,8 and 
most importantly, the astonishing similarity between the IR signatures of PAHs and the 
unidentified infrared (UIR) emission bands.9 10 Unfortunately, due to the insensitivity of IR 
spectroscopy to the overall structure of the molecule, no individual PAHs can be identified 
by the comparison of astronomical spectra with IR spectra of PAHs.  
 
To assess the validity of the PAH-DIB hypothesis, electronic spectra of various neutral 
and ionized PAHs under conditions that mimic those found in the interstellar clouds where 
the DIBs are originated have been measured. Earlier experimental data were primarily 
obtained with matrix-isolation spectroscopy (MIS) due to its capability of trapping neutral 
and ionized PAHs in cryogenic inert-gas solid matrices.11 12 The spectral features recorded 
with MIS, however, are shifted and broadened due to the interaction of the trapped species 
with the solid lattice. This shortcoming was overcome by the application of cavity ring-
down spectroscopy (CRDS).13−15 Only a limited number of PAHs, however, have been 
studied by CRDS due to the difficulty of bringing these low-vapor pressure molecules into 
the gas phase in amounts detectable under the laboratory conditions that are relevant for 
astrophysical studies.16−24 Notwithstanding all these efforts, no individual PAHs have ever 
been identified as DIB carriers.  
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Recent high-resolution astronomical observations have shown partially resolved 
rotational band contours of several strong DIBs, including the λ5797, λ5850, λ6196, 
λ6379, and λ6614 DIBs.25−27 The rotational band contours of these DIBs mount additional 
strict constraints and provide crucial information on the properties of the carriers of these 
DIBs. In theory, one can survey the electronic spectra of all PAHs to identify possible 
matches with the DIB spectra. In practice, however, this approach is not yet possible since 
only limited number of PAHs have been studied either experimentally or theoretically. As 
a matter of fact, only several dozens of PAHs with up to 10 fused benzene rings have been 
studied, which accounts for only ca. 0.1% of all possible PAHs within the size range. 
Essentially, there are infinite numbers of PAHs out there. But for a certain diffuse band, 
only limited numbers of PAHs are relevant – the size range of the relevant PAHs can be 
determined from the rotational band contours. A big question therefore is: “how do we find 
all relevant PAHs for a certain diffuse band and pre-select good candidates that should be 
studied first?” In order to answer this question, a systematic method of enumerating all 
relevant PAHs and calculating their spectroscopic properties (electronic transition 
energies, oscillator strengths, and rotational constants) is thus highly desirable. In this 
paper, we present a novel theoretical method – which involves computer enumeration of 
PAHs, fast calculations of the electronic transition energies, oscillator strengths, and 
rotational constants of these PAHs, and pre-selection of possible PAH carriers through the 
search of the generated electronic database of PAHs – to address this difficult problem and 
to uncover crucial information about the mysterious PAH problem. 
 
This paper is organized as follows: in section 2, a method of enumerating all PAHs with 
up to a specific number of benzene rings is given. In section 3, the methods for fast 
calculations of the electronic transition energies, oscillator strengths, and ground-state 
rotational constants of the generated PAHs are presented. An electronic database of PAHs 
can be generated this way. In section 4, we pre-select 8 closed-shell PAHs as possible 
carriers of the λ6614 DIB. Further discussion is given in section 5.   
 
2. Computer Enumeration of PAHs 
The prerequisite for building a comprehensive database of PAHs is to enumerate all 
PAHs with a specific number of fused benzene rings or “cells”. To do so, one needs an 
abstract way to represent the carbon skeleton of a PAH. The ideal carbon skeleton of a 
PAH is referred as a polyhex.28 By “ideal”, we assume all benzene rings in a PAH are 
identical regular hexagons. Given a polyhex, one can easily add the missing hydrogen 
atoms to form a PAH molecule and then optimize its geometry by quantum chemical 
calculations.  
 
Several algorithms exist for enumerating planar polyhexes. 29−33 The method we use is 
based on the encoding of planar polyhexes in a two-dimensional honeycomb grid. A 4×4 
block honeycomb grid is shown in Fig. 1. In this grid, each cell is represented by one grid 
point located in its center of mass. Each cell can be identified by its unique cell number or 
equivalently its row and column indices. A polyhex can be encoded by its constituent cells 
in the honeycomb grid. If two cells are joined together by a common side, we call the two 
cells or the corresponding two grid points “connected”. Each cell can connect to six cells 
in an indefinite honeycomb grid. A straightforward way of enumerating all planar 
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polyhexes with h cells is to start with all polyhexes with h – 1 cells and add to each of 
them a connecting cell to produce polyhexes with h cells. This cell-growth approach, 
however, produces duplicated polyhexes. We use the symmetry property of the honeycomb 
grid to eliminate enumeration duplications. For an infinite two-dimensional honeycomb 
grid, there are six rotation operations and six vertical-mirror reflections that transform a 
cell into another cell. In addition to these twelve rotation and reflection symmetries, there 
is a translation symmetry which translate a cell in the grid to another. To eliminate 
duplications, each time a new polyhex with h cells is generated, one transforms this 
polyhex using each of the twelve rotation and reflection operations. The derived twelve 
polyhexes are then compared to the existing polyhexes with h cells. If there exists a 
polyhex with h cells that differs from one of the twelve derived polyhexes by a translation 
operation, then the newly generated polyhex has already been generated before and is 
discarded; otherwise, it is a new polyhex. To ensure fast comparison, all enumerated 
polyhexes are stored in a binary search tree.  
 
 
 
 
Figure 1. A 4×4 block honeycomb grid. The grid points are not shown on 
the figure but labeled numerically from left to right and from top to bottom. 
 
As an example, all 7 unique polyhexes with 4 cells are shown in Fig. 2 in which the 
polyhexes are denoted using their constitution cells in the honeycomb grid – for example, 
C(1, 2, 3, 4) is the polyhex consisting of cells 1, 2, 3, and 4 in the 4×4 block honeycomb 
grid as shown in Fig. 1. The fifth polyhex C(1, 2, 3, 6) contains an odd number of carbon 
atoms while the others contain even numbers of carbon atoms. The neutral PAH of the 
fifth polyhex is an open-shell radical while its first cation is a closed-shell molecule. 
Species like this are believed to be significant intermediates in combustion processes and 
possible interstellar species.34 35 We list in Table 1 the number of polyhexes with up to 12 
cells and the corresponding computational time on an Intel Pentium 4 3.33 GHz computer. 
It is shown from the Table that the number of polyhexes and the corresponding 
computational time increase exponentially with the number of cells. This algorithm based 
on the encoding of honeycomb grid is found to have about the same efficiency as the 
algorithm based on the Dualist Angle-restricted Spanning Tree code (Nikolić et al 1990).30 
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Figure 2. All 7 unique polyhexes with 4 cells. 
 
Table 1. Number of polyhexes and the corresponding computational time. 
h No. Polyhexes Time (s) h No. Polyhexes Time (s) 
1 1 < 1 7 333 1 
2 1 < 1 8 1448 6 
3 3 < 1 9 6572 29 
4 7 < 1 10 30490 167 
5 22 < 1 11 143552 746 
6 82 < 1 12 683101 6527 
 
 
3. Fast Generation of Electronic Database of PAHs    
The most important step of building a PAH database is to calculate the electronic 
transition energies, oscillator strengths, and ground-state rotational constants (or 
equilibrium geometries) of the generated PAHs quickly enough without losing much 
accuracy. The initial geometries of PAHs can be easily generated from the geometric data 
of polyhexes. Missing hydrogen atoms are added back to those carbon atoms that are 
connected with two and only two other carbon atoms. We set the H−C−C angles to 2π/3, 
the C−C bond lengths to 1.397 Å, and C−H bond lengths to 1.084 Å. These PAH bond 
lengths are used in the semi-empirical MO/8E force field program.36 The initial PAH 
geometries obtained this way are called the “model” geometries. The model geometries are 
then optimized using quantum chemical methods to obtain the optimized geometries. 
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Considering the large number of polyhexes (i.e. 38,959 for h up to 10), the methods used 
for geometry optimization and the calculation of electronic transition energies need to be 
very efficient. ab initio calculations are too computationally expensive for these PAHs and 
thus not feasible. Instead, semi-empirical methods are more desirable for this purpose. For 
geometry optimization, we use the Austin Model 1 (AM1) Hamiltonian37−40 – which is 
based on the Neglect of Diatomic Differential Overlap (NDDO) approximate Hamiltonian; 
for electronic excitation energies and oscillator strengths, we use the Zerner’s Intermediate 
Neglect of Diatomic Differential Overlap (ZINDO) method.41−44 It is found, based on the 
testing of several PAHs, that the rotational constants derived from the AM1 method are 
usually 2−5% larger than those obtained from the model geometries. The vertical transition 
energies calculated with the ZINDO method at the model geometries are usually better 
than those calculated at the geometries optimized at the AM1 level of theory – presumably 
due to systematic cancellation of errors for the ZINDO calculations at the model 
geometries. With these results, we therefore use in the database the ZINDO energies 
calculated at the model geometries. The rotational constants in the database are still 
derived from the geometries optimized at the AM1 level of theory.  
 
For calibration purposes, we list in Table 2 the calculated ground-state rotational 
constants and electronic transition energies of 10 closed-shell neutral PAHs ranging from 1 
to 7 benzene rings. We also list available experimental data from gas-phase experiments 
(18 rotational constants and 15 transition energies) in the Table. It can be seen that the 
AM1 method predicts very reliable ground state rotational constants that distribute almost 
evenly around the experimental values. The maximum relative error of the calculated 
rotational constants is 0.76% and the standard deviation of the relative errors is 0.39%. The 
electronic transitions energies, however, are all systematically underestimated by the 
ZINDO method at the model geometries: the mean is −1059 cm−1 (−0.13 eV); the largest 
deviation is −2757 cm−1 (−0.34 eV); and the standard deviation is 1322 cm−1 (0.16 eV).  
 
Table 2. Comparison of calculated and experimentally derived ground-state rotational 
constants and electronic transition energies of several PAHs in the database (DB). All 
values are in units of cm−1. 
Rotational Constants Transition Energies 
Molecule No. 
Rings DB a Expt. DB b Expt. 
Benzene (C6H6) 1 
A″ = 0.18972 
B″ = 0.18972 
C″ = 0.094861 
0.18977 c 
0.18977 c 
0.094885 c 
52359 
47994 
37964 
 
 
38606 c 
Naphthalene (C10H8) 2 
A″ = 0.10413 
B″ = 0.041197 
C″ = 0.029519 
0.104385 d 
0.041513 d 
0.029701 d 
43968 
34728 
31425 
 
35900 e 
32020 e 
 6
Anthracene (C14H10) 3 
A″ = 0.071766 
B″ = 0.015127 
C″ = 0.012493 
0.07175 f 
0.01514 f 
0.01250 f 
35201 
27679 
26166 
 
 
27695 f 
Phenanthrene 
(C14H10) 
3 
A″ = 0.053814 
B″ = 0.018538 
C″ = 0.013788 
 
38782 
33022 
28894 
40000 g 
35375 g 
29328 g 
Tetracene (C18H12) 4 
A″ = 0.054735 
B″ = 0.007158 
C″ = 0.006330 
0.05437 h 
0.007118 h 
0.006298 h 
29595 
25502 
21504 
 
 
22397 h 
Pyrene (C16H10) 4 
A″ = 0.033822 
B″ = 0.018569 
C″ = 0.011987 
 
32472 
28213 
26885 
 
30970 i 
27208 i 
Pentacene (C22H14) 5 
A″ = 0.044246 
B″ = 0.003937 
C″ = 0.003615 
0.04405 j 
0.003935 j 
0.003612 j 
25468 
24155 
18365 
 
 
18649 j 
Perylene (C20H12) 5 
A″ = 0.020786 
B″ = 0.011164 
C″ = 0.007263 
0.02068 k 
0.01117 k 
0.007272 k 
28610 
27872 
22885 
 
 
24060 l 
Benzo[ghi]perylene 
(C22H12) 
6 
A″ =  0.014936 
B″ = 0.011154 
C″ = 0.006385 
 
30588 
26294 
24874 
 
27132 m 
25795 m 
Coronene (C24H12) 7 
A″ = 0.011160 
B″ = 0.011160 
C″ = 0.005580 
 
32646 
27718 
23482 
 
 
23822 n 
 
a Rotational constants calculated at the AM1 level of theory. 
b Vertical transition energies of the first three excited singlet states calculated at the ZINDO level 
of theory at the model geometries. 
c From Ref. [45]. Transition energy is the origin of the 106  band. 
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d From Ref. [46]. 
e From Ref. [47]. 
f From Ref. [48]. 
g From Ref. [49]. 
h From Ref. [50]. 
i From Ref. [51]. 
j From Ref. [52]. 
k From Ref. [53]. 
l From Ref. [22]. 
m From Ref. [23]. 
n From Ref. [54]. 
 
The calculated electronic transition energies and ground-state rotational constants will be 
used to pre-select possible individual PAH carriers of certain intense narrow DIBs. 
Although the calculated electronic energies are not as accurate as those obtained from 
high-level ab initio methods, they are much more computationally inexpensive to obtain. 
One can always use a wide energy range in the pre-selection step so that the probability of 
missing valid candidates is below a specific threshold value. 
 
4. Pre-selection of Possible Individual PAH Carriers 
With the development of the aforementioned method, we have built an electronic 
database of PAHs with h up to 10 using a desktop computer. It took us about three weeks 
to build such a database. More computational resource is needed in order to build a larger 
database. For example, we estimate that 18 weeks are needed to build a database with h up 
to 11. However, even with the current database, we can derive some very useful results 
that cannot be obtained from any other available method. It should be pointed out that a 
planar polyhex with h ≥ 6 could represent a PAH with more than h benzene rings. For 
example, a polyhex with one [6]annulene-like hole represents a PAH with h + 1 benzene 
rings.55 For this reason, the current PAH database contains not only all PAHs with up to 10 
benzene rings but also some PAHs with more benzene rings. The real power of this 
database approach is that it allows us to survey all PAHs in the database – no PAH is 
missed within the specific size range of the database – and identify possible matches of the 
electronic transition energies, oscillator strengths, and rotational contours of PAHs with 
those of the DIBs. An application of this approach to the identification of possible 
individual PAH carriers of the λ6614 DIB is demonstrated as follows. 
  
The λ6614 DIB is a strong narrow DIB with an integrated intensity that is ca. 1/8 of that 
of the strongest λ4427 DIB.7 High-resolution observations show that this diffuse band has 
a typical bandwidth of ca. 2 cm−1 and three fine-structure peaks with the middle one 
carrying the strongest intensity. The band contour of this DIB is characteristic of the three 
main rotational branches of a large molecule. It has been shown that open-shell PAHs have 
very short-lived excited states with typical lifetimes in the order of 10−13 second and 
produce broader bandwidths (> 15 cm−1).24 17 19 56 If the carrier of the λ6614 DIB is a PAH 
molecule, then only closed-shell PAHs are possible. Most stable PAHs are planar 
molecules and in general asymmetric tops except those belong to the D3h or D6h point 
groups. For these planar PAHs, only two rotational constants are independent since the 
relation 1/A″ + 1/B″ = 1/C″ holds. We notice that the rotational constants in the low-lying 
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electronic states of PAHs usually differ from those in the ground state by only a few 
percent. Therefore, in order to pre-select possible PAH carriers of the λ6614 DIB, we have 
simulated the rotational band contour of this DIB by assuming that the upper and lower 
electronic states have the same rotational constants, namely, A' = A″ = A, B' = B″ = B. We 
also notice that π → π* or σ → σ* electronic transitions dominate the low-lying electronic 
transitions of planar PAHs, which produce type-A or type-B rotational band contours. 
Type-B transitions of these PAHs produce characteristic two-peak rotational contours, 
which do not match the rotational band contour of the λ6614 DIB. It is thus reasonable to 
conclude that only type-A or mixed type transitions with a dominant type-A contribution 
of a closed-shell PAH could possibly produce a rotational band contour similar to that of 
the λ6614 DIB. 
 
We present in Fig. 3 the λ6614 DIB spectrum obtained from the line of sight towards the 
object HD149757 by Galazutdinov et al25 and three band contour simulations of type-A 
[Fig. 3(a)] and type-B [Fig. 3(b)] transitions. In the simulations, the rotational temperatures 
are assumed to be 54 K, which is the rotational temperature of H2 along the line of sight 
towards HD149757;57 the rotational lines are assumed to have a homogeneous Lorentzian 
width of 0.4 cm−1, which produces the best match with the widths of the three main 
rotational branches of the λ6614 DIB. In the three simulations, A' = A″ = A, B' = B″ = B, A 
= 0.01 cm−1 and B/A ratios are 0.4, 0.5, and 0.6, respectively. It can be seen from the Fig. 
3(b) that type-B transitions of planar PAHs cannot produce the observed band contour of 
the λ6614 DIB. The simulated rotational band contours are symmetric since the rotational 
constants in the excited state are assumed to be the same as those in the ground state. 
These three simulations produce the B/A ratio range within which the simulated rotational 
band contour reasonably reproduces that of the λ6614 DIB. A smaller B/A ratio than 0.4 
produces three bands that are too similar in intensity and too close to each other; a larger 
B/A ratio than 0.6 produces two side bands that are too broad but too weak in intensity. It 
should be pointed out that for the same B/A ratio the separations between the three 
rotational branches are approximately proportional to ( ) 2/1ATrot ⋅ . One needs to maintain a 
constant product of the rotational temperature and the rotational constant A in order to 
maintain a similar band contour for a specific B/A ratio. We have also performed rotational 
band contour simulations of mixed type-A and type-B transitions and found that within the 
above B/A ratio range a band ratio above ca. 0.2 will produce contours with significant 
low-intensity middle peaks.  
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Figure 3. Comparison of the λ6614 DIB (HD149757, Ref. 25) and simulated 
type-A (a) and type-B (b) transitions of planar PAHs. In the three 
simulations, A' = A″ = A, B' = B″ = B, Trot = 54 K, A″ = 0.01 cm−1, γ = 0.4 
cm−1. B/A ratios are shown on the figure.  
We have surveyed the current PAH database with h up to 10 with the criteria: A = 
0.0075−0.019 cm−1, which corresponds to Trot = 2.8−72.0 K; B/A = 0.4−0.6; the existence 
of an electronic transition (referred as the target transition thereafter in the paper) in the 
range 11416−16704 cm−1, which corresponds to the “2σ” 95% confidence interval of 6614 
Å in the database – (1E7/661.4 − 1059) ± 2×1322 cm−1; and non-existence of an electronic 
transition with an oscillator strength that is 10 times stronger than the target transition in 
the range between the target state wavenumber and the lower limit of the λ4427 DIB in the 
database – (1E7/442.7 − 1059) − 2×1322 cm−1 = 18,886 cm−1. The last criterion was 
chosen since we know that in the chosen range there should be no electronic transition that 
is 10 times stronger than the target state. The database contains closed-shell PAHs – 
neutral PAHs with even numbers of carbon atoms and the first positively charged PAHs 
with odd numbers of carbon atoms. It has been shown that PAHs within this size range 
primarily exist in the ISM as two charge states − neutral molecules and the first cations − 
due to UV irradiation from nearby stars.58 Our search returns 64 PAH molecules from the 
database. Time dependent density functional (TDDFT)59 60calculations at the B3LYP/6-
31G(d,p)61−63 level of theory have been performed at the optimized geometries obtained at 
the AM1 level of theory to further narrow down the candidate list. We discard those PAHs 
whose electronic transition energies obtained at the B3LYP/6-31G(d,p) level of theory are 
not within the 570.16 nm – 787.41 nm range or whose type-B to type-A band ratios exceed 
0.2. This electronic transition energy range is chosen since it is estimated that the accuracy 
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of the B3LYP/6-31G(d,p) method is within 0.3 eV for calculating electronic transition 
energies of PAHs.64 We also discard those PAHs with strong intramolecular forces due to 
the repulsion between different groups of the molecules – the optimized geometries of 
these PAHs are usually far away from planar and are unlikely formed in the ISM. Eight 
PAH molecules – 2 neutral PAH and 6 closed-shell PAH cations ranging from 26 to 33 
carbon atoms – are pre-selected this way. Of these 8 PAHs, 2 PAHs contain 7 rings; 4 
PAHs contain 8 rings; 2 PAHs contain 9 rings. The 8 pre-selected possible PAH carriers 
are shown in Fig. 4. The corresponding electronic transitions of these 8 PAHs are listed in 
Table 3. It has been shown that the carrier of the λ6614 DIB probably has an ionization 
potential (IP) of 10 to 13 eV.65 66 This seems to strengthen the candidacy of the 6 pre-
selected PAH cations since the IPs of the PAH first cations are usually larger than 10 eV.    
 
We expect no PAHs outside of our current PAH database to be relevant to this λ6614 
DIB problem for Trot = 2.8−72.0 K since their rotational constants would be too small to fit 
the rotational band contour of this DIB within the rotational temperature range – for this 
particular DIB and the specific rotational temperature range (Trot = 2.8−72.0 K), our 
current database is complete since it contains all relevant PAHs. To find possible PAH 
carriers of the λ6614 DIB for a wider rotational temperature range that may be applicable 
to interstellar PAHs,67 68 we need to take into account of PAHs with h ≥ 11 that are not 
present in the current database. 
 
Fig. 4 Eight PAH species – 6 cations and 2 neutral molecules – are pre-
selected as possible carriers of the λ6614 DIB. 
Further screening of the candidate PAHs is possible. For example, excited-state 
geometry optimization of these candidates can be performed with the TDDFT method, the 
Configuration Interaction with Single excitation and Double correction [CIS(D)] method,69 
or the CIS(D) method with the Resolution of Identity approximation [RI-CIS(D)] which 
allows for efficient computation of the electronic Coulomb interaction and leads to 
significant speedup for large molecules. This would lead to more accurate rotational band 
contour simulations and therefore allow us to eliminate more candidates. The excited-state 
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geometry optimizations of these PAHs, however, demand significant amount of 
computational resource that we do not currently have. 
 
Table 3. The 8 pre-selected PAHs and their corresponding electronic transitions that might 
be responsible for the λ6614 DIB. 
Molecule No. Rings Transition 
Wavelength 
(nm) a 
Oscillator 
Strength 
Band 
Ratio b 
[1] C33H15+  7 1S2 ← 1S0 573.3 0.25 0.12 
[2] C26H14  7 1S2 ← 1S0 702.6 0.017 0.0089 
[3] C29H15+  8 1S2 ← 1S0 617.9 0.11 0.18 
[4] C31H15+  9 1S2 ← 1S0 703.9 0.062 0.0038 
[5] C31H17+  8 1S1 ← 1S0 734.2 0.23 0.030 
[6] C31H17+  8 1S2 ← 1S0 746.2 0.17 0.19 
[7] C32H16  9 1S3 ← 1S0 642.9 0.025 0.095 
[8] C29H15+  8 1S2 ← 1S0 611.4 0.0028 0.00 
 
 a Vertical transition energy calculated at the B3LYP/6-31G(d,p) level of theory at the AM1 
optimized geometry.  
b Calculated using the transition dipole moment obtained at the B3LYP/6-31G(d,p) level of 
theory at the AM1 optimized geometry. 
 
5. Discussion 
In this paper we present a systematic approach to building an electronic database 
containing all PAHs with up to any specific h number and using the generated database to 
pre-select possible individual PAH carriers of certain DIBs. As a test case, 8 closed-shell 
PAHs have been pre-selected using the current PAH database (h ≤ 10) as possible carriers 
of the λ6614 DIB. In general, this approach can also be applied to the identification of 
possible PAH carriers of other intense narrow DIBs as long as these DIBs are associated 
with an unique vibronic transition and are caused by closed-shell carriers so that spin-orbit 
interaction does not play a role in the rotational band contour simulations – the spin-orbit 
interactions in open-shell PAHs are completely beyond our computational capability. A 
larger electronic database with h ≥ 11 is certainly desirable if the DIBs that are narrower 
than λ6614 DIB (i.e. the λ5797 DIB) and wider rotational temperature range are to be 
considered. With the availability of more computational resource, a number of narrow 
DIBs can be studied using this approach and short lists of possible individual PAH carriers 
of these DIBs can be produced. These candidates can then be studied by further theoretical 
or experimental techniques to provide crucial information on the validity of the PAH-DIB 
hypothesis. 
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Several factors affect the effectiveness of the presented approach. The major one is the 
practical difficulty of calculating the electronic transition energies and excited-state 
rotational constants of medium-sized PAHs (with 20 – 50 carbon atoms) accurately enough 
within reasonable time scale. High level ab initio methods, such as the Multi-configuration 
Self-consistent Field (MCSCF or CAS) and Multi-reference Configuration Interaction 
(MRCI) are known to be powerful in treating electronic transitions and excited states. 
However, these methods are far too computationally expensive to be used for medium-
sized PAHs till at least the near future. Before then, semi-empirical, TDDFT, and CIS(D) 
are still the only practicable methods for the presented approach. Another factor that could 
significantly affect the effectiveness of the present approach is the existence of 
spectroscopic perturbations in PAHs. The most common form of spectroscopic 
perturbation in closed-shell PAHs is the vibronic interaction that couples the nuclear 
motion with the electronic motion of the molecule. The vibronic interaction in PAHs is 
often not negligible since the existence of great number of nearly degenerate electronic π 
orbitals. The vibronic interaction affects both the transition energy and the rotational band 
contour, with a more noticeable effect on the latter since the perturbation on the transition 
energy is usually much smaller than the error of the calculated electronic transition energy. 
For example, it has been shown that the vibronic interaction in neutral 
benzo[ghi]perylene,23 pyrene,20 51 70 naphthalene,71 azulene,72 phenanthrene,73 and 
quinoxaline74 significantly changes the rotational band contours of these molecules. A 
common trend of the effect is the broadening of the rotational band contour due to the 
opening of new decay channels via vibronic interaction and/or the mixing of several 
closely spaced vibronic levels in the band contour. Without the knowledge of the carrier of 
a specific DIB, it is usually very difficult to tell if the DIB is subject to vibronic 
perturbation by simple looking at its band contour. However, by restricting to narrow 
BIDs, one can more safely ignore the vibronic interaction in the application of the 
presented approach.       
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